Abstract: As the current revolution in communication is underway, quantum teleportation can increase the level of security in quantum communication applications. In this paper, we present a quantum teleportation procedure that capable to teleport either accelerated or non-accelerated information through different quantum channels. These quantum channels are based on accelerated multi-qubit states, where each qubit of each of these channels represent a partner. Namely, these states are the the W state, Greenberger-Horne-Zeilinger (GHZ) state, and the GHZ-like state. Here, we show that the fidelity of teleporting accelerated information is higher than the fidelity of teleporting non-accelerated information, both through a quantum channel that is based on accelerated state. Also, the comparison among the performance of these three channels shows that the degree of fidelity depends on type of the used channel, type of the measurement, and value of the acceleration. The result of comparison concludes that teleporting information through channel that is based on the GHZ state is more robust than teleporting information through channels that are based on the other two states. For future work, the proposed procedure can be generalized later to achieve communication through a wider quantum network.
Introduction
It is known that, entanglement is a fundamental resource for many of quantum information processing (QIP) themes [1] , such as quantum cryptography [2] , quantum computation [3] , and quantum communication [4, 5] . One of the exciting applications of quantum communication, which are based on entanglement, is quantum teleportation. Recently, quantum teleportation has been paid much attention both theoretically and experimentally since it could make quantum communication essentially instant [6] . Most of the current quantum teleportation procedures achieve teleportation of non-accelerated information through nonaccelerated states [7] [8] [9] . With the rapid development in communication domain, there is an urgent need to develop new procedures achieve teleportation of either accelerated or nonaccelerated information through channel based on accelerated multi qubit entangled states with a high level of security and efficiency.
Since 20 years ago, the first teleportation protocol which uses two qubit channel is presented theoretically by Bennett et al. [10] . Next, several protocols of quantum teleportation based on Bennet protocol have been developed, some of them are realized in experiments [11] [12] [13] . All of these protocols teleported unknown information from the sender to a remote receiver, where both of them are spatially separated via a classical channel. According to Bell basis measurements performed by the sender, the receiver applies the corresponding unitary operations on his single qubit and obtains the original information with certainty.
Next, the quantum teleportation with multi-qubit systems have been attracted much attention due to its generalization of the previous teleportation procedures with two qubit systems. The main difference between quantum teleportation of two qubit stystems and that of three qubit systems is the existence of another receiver, who contribute to teleport the state from the sender to the reserver [14] . In most of these protocols, quantum teleportation with multi-qubit is achieved through non-accelerated states. Karlsson et al. [15] , for example, demonstrated a teleportation with three-qubit channel capable to teleport unknown information from the sender to any of the two receivers. In Karlsson protocol, only one of the two receivers can fully reconstruct the teleported information conditioned on the measurement result of the other reciever. Later, Alsing et al. introduced the first protocol achieved teleportation through uniformaly accelerated state [16, 17] . They described the process of teleportation between the sender, who is not accelerated, and the reciver who is in a uniform acceleration with respect to the sender. Recently, Metwally discussed the possibility of using maximum and partial entangled qubits to perform accelerated quantum teleportation with accelerated or non-accelerated information [18, 19] .
In this paper, we propose a quantum protocol achieves teleportation of either accelerated or non-accelerated information through channel based on accelerated multi-qubit state. The proposed protocol differs from other protocols in that all qubits of the used channels, here, are accelerated. In addition, we investigate here the behaviour of the teleported information, either accelerated or non-accelerated, through three kinds of channels and conduct a comparison among them. Theses channels are based on the W state, the Greenberger-HorneZeilinger (GHZ) state, and the GHZ-like state.
The proposed protocol teleports the information from the sender (Alice) to the receiver (Bob) with the help of the third qubit (Charlie) according to the following scenario. First, the sender Alice performs Bell basis measurements on her two qubits, one is the information qubit and the other is the qubit entangled to other qubits. Second, she sends the measurement result to both the receiver Bob and the receiver Charlie. Third, the receiver Charlie performs a single qubit measurement according to Alice measurement result and, then, sends the measurement result to Bob. Finally, the receiver Bob can retrieve the teleported information.
The paper is organized as follows: Section 2 describes the accelerated states use as a quantum channels. The teleportation procedure through the three channels are provided and discussed in Section 3, where the fidelity of each channel is investigated. Finally, Section 4 concludes the paper and shows our future work.
Quantum Channels of Teleportation
In this paper, we adopt three different communication channels that are based on multi qubit accelerated state, where each qubit of each of these channels represents a partner who moves in uniform acceleration. These accelerated states can be described as an entangled qubit of two modes monochromatic in with frequency ω k :
where k = 0, 1, 2 and 3 for teleported information qubit, first, second and third qubit of channel, respectively. The definition of the acceleration for one qubit with respect to the observer, r, is given by tan r k = exp[−πω k c/a k ] where 0 ≤ r k ≤ π/4. "a k " is the acceleration of the accelerated qubits with respect to the speed of light, where 0 ≤ a k ≤ ∞. "ω k " is the frequency of the traveling qubit and "c" is the speed of light. n I and n II , (n = 0, 1), indicate two causally disconnected regions in the Rindler space [20] . According to Eq.(1), the density operator of the accelerated states is described by the following 8X8 matrix: 
The elements of this matrix, in the region I, depend on the current state by the same way as given in [21] .
where C k = cos r k , S k = sin r k and k = 1, 2, 3 are first, second and third qubit (or partner) of the corresponding channel, respectively. In the following section, we use these three accelerated states to teleport either accelerated or non-accelerated information.
The proposed procedure of teleportation
The procedure starts with teleporting the information from a sender (Alice) to a receiver (Bob) with assistance of the third quibt, or a second receiver (Charlie).
Suppose that the information which Alice wishes to teleport to Bob is coded in the state ψ 0 , where
where α and β are two complex numbers satisfying |α| 2 + |β| 2 = 1. In order to teleport the ψ 0 , the partners follow the following steps:
Step 1: Alice combines the teleported information state with her qubit of the accelerated entangled state.
Step 2: Alice performs Bell Measurements (BM) on her two qubits. These measurements are described by:
00 00 ± 00 11 ± 11 00 + 11 11
01 01 ± 01 10 ± 10 01 + 10 10 (7)
Step 3: Charlie makes the Von Neuman measurement on his qubit . Then, he and Alice send their measurements to Bob.
Step 4 Based on Alice and Charlie measurements, Bob does one of the appropriate unitary operation, bit-flip (X), phase flip (Z) or bit-phase flip (Y) qubit operation, to get the initial teleported information.
A schematic diagram of the proposed teleportation procedure is depicted in Figure 1 . Qubit 0 denotes the qubit which contains the coded information that will be teleported and qubit 1,2 and 3 denote the three qubits of quantum channel (QC) that belong to Alice, Bob, and Charlie, respectively. Alice performs the appropriate Bell measurement on qubit 0 and qubit 1, then she informs both Bob and Charlie about her measurement through a classical channel (CC). For the sake of assisting Alice and Bob, Charlie makes a single qubit measurement (Von Neuman measurement, VNM) on his qubit 3 and, then, transmits his result to Bob across a classical communication channel. Finally, Bob performs an appropriate unitary operation (U) on qubit 2 in order to retrieve the teleported information. In the paper, it is assumed that the teleported information may be accelerated or nonaccelerated. For the non-accelerated case, the information is coded in the following single qubit:
On the other hand, the accelerated information is coded in the following single qubit:
Now, the channels are capable to send information from Alice to Bob according to the teleportation procedure which is described above. In the following, we evaluate the fidelity of the teleported information via the three predefined channels.
3.1
The W-state as a quantum channel
In this section, we will use the description of the accelerated W-state, given in Eq.(3), in order to teleport the non-accelerated information which is given in Eq. (8) . For example, if Alice measures ρ + ψ , as on of Bell state measurements, the other two qubits are projected into the following density operator:
where,
Now, Charlie's measurement deicides the success or the failure of the teleportation process itself. If Charlie measures 1, the teleportation fails. If Charlie measures 0, Bob can do an appropriate operation, from those given in Table 1 , to retrieve the teleported information according to Alice measurement information. 
The fidelity of the retrieved information at Bob side is given as:
On the other hand, the accelerated W-state, given in Eq. (3), is used to teleport the non-accelerated information which is given in Eq.(9) using the same proposed teleportation procedure.. In this case, Alice qubits are projected into one of the Bell state measurements, for example ρ + φ , and the two other qubits are projected into 4 × 4 matrix, its elements are given as:
Now , Bob can retrieve the teleportaed information using an appropriate operation, from those given in Table 1 , with a fidelity given as:
Figure 2, describes the fidelities of the teleported information which is coded in the qubit forms stated in Eq. (8) and Eq. (9), for the non-accelerated and accelerated information, respectively. The panel (a) in Figure 2 shows the behavior of the fidelity of both the accelerated information F w ac and the non-accelerated information F na w . It is clear that at zero acceleration of all qubits, the fidelities are maximum. However, the fidelities decrease to reach its minimum bounds when the acceleration r i of channel qubits reaches 0.8. Also, we notice that the degradation rate of F ac w is faster than that depicted for F nac w . This shows that teleporting non-accelerated information is better than teleporting accelerated information through the accelerated W-state.
The panel (b) in Figure 2 displays the behavior of F ac w , where it is assumed that the teleported information is accelerated with different values of acceleration. It is clear that at t = 0, the initial fidelity depends on the acceleration of the teleported information, where F ac w (0) is small for large values of r 0 . Also, it is showed that as the acceleration of all qubits in channel that based on the W-state are increased, the fidelity decreases with minimum bounds depends on the initial values of acceleration of the teleported information,r 0 . 
The GHZ state as a quantum channel
In the case of using the GHZ as a quantum channel, it is assumed that the channel can be used to teleport information, either accelerated or non-accelertaed. The three qubits of GHZ state collaborate together to perform the quantum teleportation procedure as described in section 3. Similarly, after Alice performs Bell Measurement (BM), the total state is projected into one of the four Bell states given in Eq. (7). For example, if Alice qubits are projected into ρ + ψ , then the two other qubits are projected into a density operator described by the following 16 elements:
Finally, Bob can end the protocol by applying adequate operation given in Table 2 to retrieve the teleported information with a fidelity given as, 
Similarly, if the GHZ state teleports the accelerated information, which as given in Eq. (9), the channel based on GHZ state achives the proposed procedure to retrieve the telported information at the receiver side with a fidelity takes the form: Figure 3 shows the behavior of the teleported information through the accelerated GHZ state. The panel (a), shows the relation between both the accelerated or non-accelerated information with the fidelity of each of them through the accelerated GHZ state. As a general remark, the fidelities degrade as the acceleration of all qubits increase. However, the degradation rate of the teleported accelerated information is faster than that depicted for the non-accelerated information. The panel (b) shows the behavior of F ac g for different values of accelerated information, r 0 . In general, the fidelity degrades as the acceleration of the GHZ state qubits, r i , increases. Also, we notice that as the difference between the values of information acceleration (r 0 ) and the values of the qubits in GHZ state acceleration (r i ) decreases, the initial fidelity tends to be larger than that depicted for big differences, while the minimum bound of fidelity decreases.
The GHZ-like State as a quantum channel
We proceed now to the last quantum channel, which is the GHZ-like state given in Eq.(5. In case of teleporting non accelerated information and according to Alice measurement, the other two qubit of the channel are projected into the following density operator:
Bob ends the procedure after he performs an appropriate operation from those given in Table 3 with a fidelity depending on Alice and Charlie measurements. Here we have two different cases for example :
• If Alice measures ρ + φ and Charlie measures "0", then the fidelity of the teleported information is given as
• If Alice measures ρ + φ and Charlie measures "1", then the fidelity of the teleported information is given as 
On the other hand, if the teleported information is accelerated through the GHZ-like state, the teleported information at Bob side will have a fidelity depends on Alice and Charlie measurements ,for example:
• If Alice measures ρ + φ and Charlie masures "0", then the fidelity of the teleported state is given as:
• If Alice measures ρ + φ and Charlie measures "1", then the fidelity of the teleported state is given as:
The fidelity of the teleported information through the GHZ-like state is depicted in Figure  4 . It is shown that the fidelity degrades as the acceleration of the qubits of the channel based on GHZ-like state increases. Also, the degradation rate depends on the measurements performed by the qubit of GHZ-like state. Panel (a) shows the behavior of the fidelity of information, either accelerated or non-accelerated, in the situation that Alice performs Bell measurement using φ + and Charlie measures "0". It is clear that the degradation rate of the fidelity for accelerated information is faster than that depicted for the non-accelerated information, same performance in case of the W-state. The panel (b) shows the behavior of F ac gl for different values of accelerated information, r 0 , where the fidelity degrades as the acceleration of all the qubit of the channel based on GHZ-like, r i , increases. 
Conclusion and Future Work
In this paper, we investigated the possibility of using multi-accelerated qubits as a quantum channel to perform quantum teleportation. Namely, These states are the W, the GHZ and the GHZ-like states. In general, we found that the fidelity of the teleported information degrades as the acceleration of the qubits of the used states increases.
It is shown in the paper that, the degradation rate of the teleported state is large for accelerated information in the case of using the W state and the GHZ-like state as a quantum channel where it is small in the case of using the GHZ state as a quantum channel. This certifies that the rate of fidelity degradation depends on the used channel. The comparison among the three channels showed that the GHZ state is the optimum, comparing to the Wstate and GHZ-like state, for teleporting information either accelerated or non-accelerated.
In addition, the paper investigated the effect of different values of the accelerated information through each accelerated state. We found that, the initial fidelity of information decreases at high values of acceleration of the information. The minimum value, which the fidelity approaches, depends on the used state and acceleration rate of the information. However, the minimum values of the fidelities through the W and GHZ-like states is smaller than that depicted in the case of the GHZ state.
Overall, the contribution of the paper is concluded in the following two items:
• The three accelerated states: the W, the GHZ and the GHZ-like state can be used as accelerated quantum channel to teleport accelerated or non-accelerated information.
• The fidelity of teleporting accelerated or non-accelerated information through the accelerated GHZ state as quantum channel is much better than either the W or the GHZ-like states.
Using the proposed teleportation procedure in quantum communication applications is one of our future target. We are looking forward to develop a prototype for communication via accelerated entangled quantum network written by a high-level programming language.
